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SUMMARY

Hydrophobic or floatable materials released to the water column during

dredge disposal operations may accumulate in high concentrations on the water

surface. If such surface accumulations occur, they could impact the reproduc-

tion of fish and shellfish with neustonic (floating) eggs or larvae. Also,

floatable surface contaminants could deposit on nearby beaches. In order to

examine the potential impacts of such processes, an interactive computer

(IBM PC) model was developed. The FORTRAN model, allows input of contaminant

concentrations on the dredge material, the surface area of the dispos l site,

the floatable fraction of the contaminated material, and the baseline con-

centrations of contaminants present in the sea-surface microlayer. 1he model

then computes the resultant concentrations of each contaminant in the micro-

layer and the potential impact on floating fish eggs. The uti~lity of the model

would be greatly improved by empirical data, not yet available, on the vertical

upward and lateral movement of contaminants during dredge material disposal.
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INTRODUCTION

The sea-surface microlayer (SSM) is a vital biological habitat (Hardy

1982). Many fish and shellfish, including cod, sole, flounder, hake, anchovy,

:rab, and lobster have egg or larval stages that develop in this upper layer.

Contaminants from atmospheric depcsition, urban runoff, wastewater outfalls,

industrial point sources, and ocean dumping enter coastal waters and narti-

tion. A large portion of these contaminants associate with suspended particles

and deposit in the bottom sediments. However,, contaminants that have low water

solubility or that associate with floatable particles concentrate at the air-

water interface. Consequently, high concentrations of toxic PAHs, PCBs, and

metals have been found in the surface microlayer at some sites in Puget Sound

(Hardy et al. 1986). At present, the spatial distribution of this SSM contami-

nation remains unknown. Also, the relative contribution that dredged material

disposal may make to SSM contamination remains to be assessed. As' part of the

Puget Sound Dredged Disposal Analysis program of the Seattle District Corps of

Engineers, this project was undertaken to examine the potential of dredged

material contaminants to accumulate. in harmful concentrations at the sea

surface. This study was performed to 1) develop a model that will allow esti-

mation of th2 i'icrease in, and the resulting concentration of, a series of

pollutants in the SSM caused by dredging activities and 2) to estimate 'the

resulting impact of SSM contamination in terms of its toxicity to fish eggs

that float on the water surface during the spawning season.

( 1 I
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CONCLUSIONS AND RECOMMENDATIONS

Significant SSM contamination and toxicity already exists in Elliott Bay.
Dredge dieposal could only significantly add to chis contamination and toxicity
within the disposal area if the floatable fraction exceeds 1 x 10-10 to 10.9

and most of the surface contamination remains in the microlayer for some
time., Also, additional contamination from floatables could, through horizontal
transport, add to the load of contamination deposited on nearby beaches. How-

ever, several gaps in information seriously impair the usefulness of this
model. These include lack of information on the fioatable and'btoavailable

fraction of the dredged material and the "footprint" or area of the water

surface likely to he impacted from the disposal.

We recommend that laboratory and field experiments be conducted to

" Determine the floatable fraction of dredged material under a variety

of different-mtxing and disposal regimes.

" Collect and chemically analyze sea-surface microlayer contaminant
concentrations during a typical dredge disposal operation.

o Evaluate the toxicity of the floatable fraction of dredged matterial
to neustonic (floating) eggs and larvae.
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MODEL

The model we have developed is written in FORTRAN to run on an IBM PC.

The model is Interactive and requests all the necessary input data from the

user. Results are displayed and can be printed on hard copy. The data from a

given simulation can be stored, if desired, on a file specified by the user.

The user has the option of changing one or more of the parameters for the

simulation including the mass of material dumped, the floatabiltiy fraction,

the concentration of contaminants in the dredged material and that initially In

the microlayer. The program then computes the final concentrations of contami-

nants in the SSI and the resulting expectea fish egg mortality.

The structure for the model is presented in a series of flow charts (see

Appendix A), and the program is listed in Appendix B. Basically, the model

uses data on the characteristics of the dredged material to determine how much

of the contaminated material accumulates in the SSM. Input variables are con-

centrations of up to 10 contaminants in the sediment, total mass nf dredeged

material to be dumped at the site, area of the disposal site, and a measure of

the fraction of the material that is floatable. Floatahility is, of course, a

function of the particle size and density, and is affected by 1he Presence of

organic coatings. This is probably the largest unknown input variable at pres-

ent. From these parameters the total mass of each contaminant added to the

microlayer is computed. Other input variables are the initial (baseline) con-

centration of each contaminant in the microlayer and the water surface area of

the disposal site that is estimated to be affected. When the Initial (base-

line) concentrations of contaminants are entered as 0, the computed final

concentrations and toxicity represent those resutting solely from the dredge

material. The thickness of the SSM Is 50 Mn, a depth that other studies have
shown contains the bulk of all surface contaminant enrichments. From the size

of the area and the thickness of the microlayer, the volume of water affected

by the dredged material Is computed and the final resulting concentrations -f

contaminants in the SSM estimated. Based on a relationship between total

organic and metal contaminant concentrations In the SSM and toxicity (Hardy

et dl. 1985, Table 1; Hardy et al. 1986, Tables 7 and 8 and p. 3), the

resultant percent mortality to fish (sole) eggs is calculated.
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ASSUMPTIONS AND LIMITATIONS

The model, in its present form, has several limitati ns that could be

improved through future aquisition of field and laborator data:

* The model does not include the horizontal transport f SSN

contaminants (e.g., movement to the beach).

* The model does not take into account currents or the depth at the

disposal site that may affect the area of the resulting "footprint*

redching the surface.

* The model calculates the initial Dartitioning of dr ged material

into the SS9, but does not follow the temporal chang s in the con-

centrations of contaminants in the SSM. The model Is conservative,
because processes that affect the temporal concentra ion, such as

losses due to evaporation, dissolution into the subs rface waters,

biological and chemical degradation, and increases mused by gas
generation from the sedit'dnt, are not included.

* Biological effects on the concentrations in the SS Iare not con-
sidered. This Includes adsorption and settling out on fecal pellets,

bioturbation and feeding by organisms in the SSM. e computed toxic
effects on fish larval hatca assume that the embryo are exposed to
the microlayer contamination throughout their 6- to 7-day period of

embryonic development. This may very well represent a realistic

situation, because once trapped in an organic surface film, the
embryos are likely to remain in association with th film. Also,

toxicity Is computed using only PAH and metal concentrations; other

contaminants are not included in the model that is 4sed to predict
fish larval hatching success.

4.
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SAMPLE SCENARIOS

Four sample scenarios have been computed (see Appendix C). All use inputs

of 1500 yd 3 of dredged material with a specific gravity of 1.350 g/mL and a

radius for the disposal area of 900 ft. Typical contaminant concentrations on

dredged material and baseline concentrations in the microlayer of Elliott Bay

(Hardy et al. 1985, 1986) are used. The floatable fraction was varied between

Ix 10-11 and 1 x 10- 6 . The results of tests 1 to 4 suggest that significant

toxicity to fish eggs from the addition of dredged material would not occur if

the floatable fraction is less than 1 x 10-10 (tests 1 and 2). Assuming no

existing contamination, larval hatch is about 84%. When the mean microlayer

contaminant concentrations already present in Elliott Bay are used as input

variables, predicted live larval hatch is reduced to 54% and in some areas

would be even lower. However, if the floatable fraction is as great as 1 x

10- 8 , dredge disposal would decrease larval hatch in the disposal area to 3 to

22% (test 3). At 1 x 10-6 floatable fraction, no larvae would survive in the

disposal area (test 4).

In addition to single dredge disposal events, the model can be used to

compute average enrichments over longer periods of time or over large areas

(e.g., the annial 6-day average disposal contribution to an area the size of

Elliott Bay).

'l
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RELATIONSHIP TO WATER QUALITY CRITERIA

How do the predicted mitroiayer concentrations resulting from dredge

material disposal compare to water quality criteria? The quality criteria for

metals generally range from 2 to 58 pg/L and for PCBs is 0.001 pg/L (see
Table 1). U.S. Environmental Protection Agency (EPA) water quality criteria

are not available for most organic compounds. Criteria for aquatic effects

have not been established for PAHs, but the EPA suggests that the level where

adverse effects may be expected is above 300 gg/L of total PAN. Available

information suggests that exposure of eggs and larvae of fish and shellfish to

concentrations of petroleum hydrocarbons greater than 100 pg/L will result in
harmful effects (Table 1). When herring eggs are exposed to crude oil, drop-

lets adhere to the surface of the eggs and, at exposure concentrations of 4 to
761 g/L, hatched larvae showed an Increased incidence of abnormalities
(Pearson'et al. 1985). Reduced or abnormal larval hatch of fish eggs can

result from exposure to concentrations of an individual PAH compound,

benzo(a)pyrene, as low as 0.1-to 0.2 Ag/L (Table 1).

The sole egg bioassay, on which our model, of microlayer effects is based,
provides a very sensitive measure of effects. If sole eggs were exposed for

6 days to a mixture containing all the metals at their EPA water quality
criteria concentrations shown in Table 1, the model would predict about a 40%
decrease in live larval hatch from these metals alone. The sample dredge

disposal scenarios (Appendix C), suggest that scenarios (tests) 1 and 2 would

have no effect in increasing microlayer contaminant concentrations. In tests 2

and 3, microlayer concentrations of both metals, PAHs and PCBs reach concentra-

tions that are both expected to be harmful from past studies (see Table 1) and

that are also predicted to reduce live'larval hatch by our own model.

6
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TABLE 1. Effects of Contaminants on Marine Organisms

Concentration
Organism Effects Contaminant up/liter

Pb 8.6

24 to 96 h Cu 2
Quality criteria Variety of marine LC-50 Ag 2.3

organisms Zn s8
Cd 12
PCb .001

Soluble
24 to 4S h H-carbons 100 to 1,000

Acutely lethal Variety of LC50
eggs and 02 Fuel oil
larvae or kerosene 100 to 4,,000

Fresh crude

oil 100 to 100,000

Turbot Delayed
eggs hatch &

abnormal Oil 10
larvae

Sublethal Plaice Petroleum 0 to 10,0•0
effects larvae

Sea urchin Egg Extracts of
larvae fertilization Bunker C .100 to 1,000

Crab larvae Increase
respiration Oil 10,000 to 100,000

Trout 2  Increased
eggs abnornal Benzo~a)pyrene .21

larvae

Sole 3  Reduced
eggs larval Benzo(a)pyrene .1
larvae hatch

Herring 4  increased
larvae Incidence Crude oil 4 to 761

abnormal

I U.S. EPA 1976.

2 Hannah et al. 1982.

3 Hose et al. 1982.
4 Pearson et al. 1985.
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FLOW CHART OF MOuL



Flow Chart: Main Program DREDGE
In'.roductor

" Screen ]

Print Input
Data and Yes Set Flag

Simulation for Printing
Results
N+.

Input Data in No Call
lnpu1 Dat Cll=

eFile DATAENTER

" . J Call DATAFILE
Call DATAWRITE

No Check to See if
Foile Exists

iYesl

Call DATAWRIT_

Get New Run Simulation Modify
Data Fil, Oata Call"Modify Data or

Get New Data File MODATA

Simulation..

CalSIMUL

" " Run An~other
Simulation

No
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Flow hart. Subroutino DATAENTER

Ask for and Read
-Entry Concentration of

+ • in Dredged Mateial

Ask for ad I

Read Title Specify Units of
Concentration .ppm2. ppb

Ask for and.
Read Volume of

Dredged Material No Check to be Sure That
(Cubic Yards) Unit Number is I or 2iiiIIIIZZZ 'iYe

Ask for and Read Ask for and Read
Specific Gravity .. Floatable Fraction

gm/ml ~it SCopy into t.

+ Data File for Yes Floatablo Fraction to be

Ask for and Read 1All Contaminants Used for all Contaminant

LNumber of Contaminants j No
Begin Loop for
Cof Contaminants Ask for and Rood

1, Mean, Minimum and
Ask for and Read the Maximum Microlayer

Name of the Contaminant Concentration of

+. "Contaminant (/ug/L)

ASK for and Read the
Category of the End Loop

Contaminant 1 PAH " Ii'
2 CL, Pb, Zn. Ag or Hg Ask for and Read

3 Other Radius of Disposal
V Area (ft)

L Check rhat Cateqory +

L Number iS in Range 1-3 Return

Yes
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Flow Chart: Subroutine DATAFILE

No Do You Want to Store

Data in a File

ZILyes
Request and ReadFile Name No

S-1 Yes IDo You Want toCheck to See, if File Exists, WriteOver th
I, File?

Open File

Write Title
Volume, Specific Gravity of Dredged

Material
Radius of Disposal Area

Number of Contaminants

For Each Contaminant:.
Name, Concentration, Units. Floatable
Fraction Microlayer Concentrations.,

Contaminant Category

Close File

Return

.A.
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Flow Chart: Subroutine OATAREAD

Entry

]tOpen File

Read Title

Read Volume and
Specific Gravity of
Dredged Material

and Radius of Disposal
Area

Feod Number of Contaminants

Begin Loop for
0 of Contaminant

Road Name. Concentrution, Units.
Floatabl4' Friction, Microlayer.

Concentrations and Contaminant
Cateories

SEnd Loop

Close File

Return
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Flow Chart: Subroutine DATAWRITE

Entry

Write Title

Write Volume and Specific
Gravity of Dredged Material and

Radius of Disposal Area

SFor Each Contaminant'

Write Name, Contaminant Category.

Concentration and Floatable
Fraction

For Each Contaminant

Write Name, Microlayer Concentrations,

Check to Se. if Printer' No

Flag is Set

Yes

C Write Same as Screen
Display to Printer
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Flow Chart: Subroutine MODDATA

Choose Section of Data to Modify
1. Title
2. Volume, Specific Gravity of Dredged Material and Ri.;ius

of Disposal Area
3. Concentration Category. Fioatable Fraction of Contaminant
4. Concentrations in Microlayer
5. Add New Contaminants
6, No' More Changes

,iiIf Option is 6

Ask for and Read
sTitle

SIf Option is 2 A=,••
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Option is 2

Choose Data to be Modified
1. Volume
2. Specific Gravity E
3. Radius of Disposal Area
4. No More Changes

[If Option is 4

If Option is 1 Ask for and Reod

ir 
Volume

If Option is2 Ask for and Read

-- "-"Ask for and Read
if Otionis 2 Specific Gravity

fo nd Read
If Option is 3 Radius of Disposal

Area

A.7



Option is 3 T
SSpecify Number of

ContaminantF

Choose Section of Data to be Modified
1. Concentration
2. Units of Concentration
3. Flcatable Fraction
4. Contaminant Category
5. Now Contaminant Number
6. No More Changes

If Option isS a 0D

If Option is 5 F

If Option.i I 1 Ask for and ReadG

[ "uplon i ] • Concentration

IOpi o is 2 Ask for and Read G

[ I Op'°n"Z ~llUnits of Concentration

If Opio is 3isioadRa

If lo~onisFlostable FractionG

Ask for and Read

If Option is 4 Contaminant Category
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Option is 4 C

Specify Number ofI
Contaminant

Specify the Microlayer Concentration
to be Modified
1. Mean
2. Minimum
3. Maximum
4. New Contaminant
5. No More Changes

if Option 85

If Option is 4 0

N+

- Mean Concetation
I ........ is 2 . A sk for and ead

,,,IfOpio i 217MinimuJm Concentration H

If Optio is Ask for and Read -0
If Maximum Contration
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Flow Chart: Subroutine SIMUL

Compute Volume of

Water Affected From
Radius and Thickness of

Microlayer 0j5 pm)

Loop for Each Contaminant
SCompute Incremental

Increase in Contaminant
Concentration

Add Increase to

Microlayer
Concentrations

I Sum Metal and PAH
Concentrations in,

Microlayer

Esnd Loop

I Compute Percent
Live Larvae J

Print to Screen Final
Microlayer

Concentrations and
Percent Live Larvae

4Concentrations and Check to 10ee if Printer Flag isIPercent Live Larvae ' No .".....
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I Ask for and Read
Number of Contaminants

gin Loop for
# of Contaminants
Added

Ask for and Read the 1
Name of the ContaminantJ

Ask for and Read the

Category of the
Contaminant 1. PAH

2. Cu, Pb, Zn, Ag or Hg
3. OtherII

No Check That Category

Number is in Range 1-3
S Yes

Ask for and Read

Concentration of
in Dredged Material

Specify Units of
Concentration 1. ppm

2. ppb

No Check to be Sure That
Unit Number is I or 2

[ Ask for and Read
Floatable Fraction

Copy into Floatable Fraction to be
All Contaminants f Used for all Contaminant

L I •No

Ask for and 'Read
Mean, Minimum and
Maximum Microlayer

Concentration of
Contaminant (/g/L)

End Loop
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DREDGE PROGRAM

,21



C
PROGRAM DREDGE

C
C PROGRAM FOR PREDICTING THE ENRICHMENT Or CONTAMINANTS IN THE
C SEA-SURFACE MICROLAiER DIJZ TO D9EDCIXG ORi DISPOSAL 0?
C DREDGED 3ATERIAL.
C
C CALCULATIONS BASED ON SIMPLE PARTITIONING THEORY
C
C PROGRAMMED BY CHRISTINA E. COWAN
C JANUARY 1966
C

C DIMENSIONING
S INCLUDE: 'COMMOND . AT'

LOGICAL'Z TEST
TEST4u. FALSE.

C INTRODUCTORY SCREEN
WRITE (',10)

1o FORMAT (11,SX 1,'IMPACT Of DREDGING AND DREDGED MATERIAL',!

I ,151,'DISPOSAL ON THE SEk-SUMACE MICRCLAYER',1II,
2 !X,'THIS PROGRAM CALCULATES THE 'ENRICHMENT IN THE SEA-SURFACE'
3 ,'MICROtAYER',II CONCENTRATION Of CONTAMINANTS.',
4 'THE INCREASE IN THE EXISITNG MICROLAYER'.IO
5 CONCENTRATION IS CALCULATED FROM THE
6 ' PROPERTIES OF THE DREDGED MATERIAL.',I.
7 'THE ESTIMATES MADE '

I 'ARE CONSERVATIVE AND'REPRESENT A SINGLE POINT ESTIMATt'.I,
9 'OF THE CONCENTRATIONS.',II).

WRITZ(',23)
23 FORMAT(3t,'THE EQUATION USED TO CALCULATE THE INCREASE IN',

I 'THE MICROLAYER' , 1.' CONCENTRATION FOR EACH CONTAMINANT IS:',II
2 11 I a VOLD*CON'FLOATIVOLW',//I,SXVHERE I IS THE
3 'INCREASE IN THE MICROLAYER CONCENTRATION;',.W VOLD IS THIE'
4 'VOLUMIE OF DREDGED MATERIAL;, CON IS THE CONCENTRATION'.I1,
5 ' Of CONTAMINANT IN THE DREDGED MATERIALi FLOAT IS THE I,
6 'FLOATABLE './,' FRACTION AND VOLW IS THE VOLUME Of WATER THAT'
7 'IS IMPACTED.' ,!1,' VOLW IS COMPUTED FROM THE RADIUS Of THE
8,' DISPOSAL AREA AND THE MICROLAYER', I' DEPTH-SOUM.',I/

WRITE C' 92)
READ (',')
WRITEC' .24)

24 FORMATC5X,'THE PERCENT OF LIVE SAND SOLE' LARVAE THAT CAN BE '

I'EXPECTED TO HATCH ' , I ' FROM ECGS THAT ARE EXPOSED TO THE
2 'CALCULATED MICROLAYER CONCENTRATIONS' ,!/,' IS ESTIMATED USING'
3 ,'THE EQUATION DEVELOPED BY HARDY ET AL. U6)'I
4 'THIS PERCENT',
4 'LIVE LARVAE IS CALCULATED FROM POLYAROMATIC AYDROCARBONS '1
5 ,AND METAL CONCENTRAT'ONS IN THE MICROLAYE1 ONLY. THE

6'EbUATION IS'/,X'% LIVE - EXP(4.43 - 7.OE-il PAH
7 '6. OE-32MET)' I1, WHERE PAM 1S THE TOTAL CONCENTRATION OF PAH'
8 IN UG/L AND MET IS THE TOTAL'.
9 'METAL CONCENTRATION IN MG/,' ,//)

C

C CHOOSE TO PRINT THE INPUT DATA AND RESULTS OUT ON PRINTEl!

S.J
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WRITLP'*,12)
READ !*,*)
WRITt(*, 22)

22 FORMATC' DO YOU WANT A PRINTER LISTING OF THE INPUT DATA AND',
' THE SIMULATION RESULTS','I,' ANS. ' J N EDEFAULT u YJ')

READ ('t21) ANSI
IF(ANS2.EO.'N' OR.ANS2.EO.'u') GOTO 10
OPEN(S,FILEa'LPTI',STATUSu'NEW')
TEST4u.TRUE.

7 a WRITE (1,11)
11 FORMAT (SZ,'YOU HAVE THE OPTION OF ENTERING THE INPUT DATA ',

I 'FOR THE MODEL FOR EACH',/,' SIMULATION AND SAVING r'HE DATA',
2 ' IN A ',

3 'FILE OR YOU MAY RETRIEVE A',.I,' FILE OF INPUT DATA FOR USE IN
4 'THIS SIMULATION',I)

,go WRITE(*,12)
12 FORMAT(5,'DO YOU HAVE Ai EXISTING FILE OF DATA THAT TOU ',

I 'WlkT TO USE?',I,' ANS: Y OR N CDEFAULT * Y]')
READ (',21) ANS

21 FORMAT(Aý)
IF kANS.EQ.'-N*.OR.ANS.EQ.*u') THEN

CALL DATAENTER
CALL DATAWUITE'
CALL DATAFILE
GOTO 110

,ENDIF
WRITE (0,13)

13 FORMAT (l1,'TYPE IN NAME OF FILE: ')
READ (*,14) FILMIN

14 FORMIT (AI2)
INOUIRE (FILEwFILEINEZIST-T!ST)
IF (TEST) THEN

CALL DATAREAD
CALL DATAWNITE

ELSE,
WRITE (*,15)

15 FORMAT (I1,'FILE NOT FOUND: TRY AGAIN')
GOTO 100

ENDIF
110 CONTINUE
120 WRITE(*,IS).

FORMAT(' DO YOU WISH TO RUN SIMULATION WITH THIS DATA OR',
/ I,' MODIFY THIS DATA BEFORE 3UNNING TIAE SIMULATION OR'd,

2 aET A NEW DATA PILEd',/,
1 1) RUN SIMULATION',/,' 1 MODIFY DATA',/.,
4 3) GET NEW DATA FILZ OR START OVER',/,
5 'GVZ NUMBER OF OPTION

READ(*,lT) IANS
17 FORMAT (It)

IF(IANS GT 3 OR IANS.LT 1) THEN
JR:T!(*,I1)
FORMAT OPTION NUMZnD NOT CORRECT TRY AGAIN')
;OTC 120

BND:-



IF (IANS EO.3) COTO ;0

IF(IANS.EG.2) THEN
CALL MODDATA

WIITE( *, 2)
92 FORMAT (' *ONTtNIlE')

READ(","*

ENDIF
CALL SIMUL
WRITE(,'* ,9)

i9 FORMAT( ' 00 YOU WANT TO RUN ANOTHER SIMULATION',
WI ANS: Y' OR N (DEFAULT N11)

REA6C',21) ANSI
IF (ANSI EQ 'Y9OR ANSI t0 '1') THEN

COTO 120
ENDIF
IF(TEST4) THEM
CLOSE(5)
ENDIF
STOP

END

SUIROUTINE DATAENTER

C
C DATA ENTRY ROUTINE FOR THE PROGRAM
C

$INCLUDE 'COMMOND OAT'
"LOGICAL'2 TEST2
TEST2m TRUE

C ENTER TITLE OF THE SIMULATION

VRITE(t,29)
29 FORMAT(' GIVE TITLE 0 THE SIMULATION')

READ(9,21) TITLE

25 FORMAT (AS0)
C ENTER MASS OF DREDGED MATERIAL

WRITE (',30)

30 FORMAT ( ENTER VOLUME OF DREDGED MATERIAL 'CUUIC YARDS)
READ (0,31) DMASS

31 FORMAT '(9 0)
WRITE(' 32)

S34 FORMAT( ENrTE SPECIFIC GRAVITY OF THE DREDGED MATERIAL'.

I (CMIML)
READ (',31) SPCRAV

C ENTER INFORMAT!ON ON THE CON'TAMINANIS IN THE DREDGED MATERIAL

W0R ITE f t 31
35 FORMAT(' 3PECtrY NUMBER OF CONTAMINANTS FOR VH:CI ,

,I I 'MI OLAYER !) RICHMENT IS5 70 3E CALCULATED NUMUCR 13

l READ (9 34) NUMC

ST FORMAT '1Z)
00 210 !01,X)JNc
WRITE (1,37) 1

37 FOqMAT *(' CNTER THE NAME OF CONTAMINANT ,i, IMAI:MUM'

I ' I CHARACTERS I.SNCj
RZAD 'ct,3) !NAM(!/

39 )FORMAT (AS5
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30 FORMA%(' INDICATE CATEGORY TO VNICH CONTAMINANT 3ELONGI,'
I, I PAHI, 2) CU, P1, ZN, AC, Ul KG',/,' 3) OTHER.

I :, vt NUMVER Of THE CATEGORY')
3EAD(*,33) CCAT(1)
IF(CCAT(I) LT I OR. CCAT(l) GT 2) THIN

st FORMAT(' ERROR IN CATEGORY SPECIFIED: TRY AGAIN')
COTO 52

WRITE (*,29) CNAMU)
39 FORMAT (' ENTER CONCENTRATION Of '.AS,* IN DREDGED

I 'MATERIAL.)
RIAD(',31) CMA336(I)

21. VRITE~',40) CNAM(l)
46 FORMAT (' SPEIFY UNITS OF ',A$,' CONCENTRATION: '.1,

I 1111 PPM 2. FF3.1,l GIVE WIUEA 1)
HEAD (*.33) UNITC(I)

33 FORMATVhI)
'F (UNITC(I).CT.3 03 IINITC(I).MlT) THEN
WRITE C O,41)

41 FORMAT(' ERROR IN UNITS SPECIFIED' TRY AGAIN')
COTO 2II

If (TESTI) THEN
VRITE(*,42) CNA11l()

42 FORMAT (' SPECIFY FLOATA3LX FRACTION Of ',A$,*
READ (',42) CFRAC(I)

43 FOkMAT(ti.3)
Vi IT! , 44)

44 FORMIAT(' 1S THIS rLOATAULE FRACTION TO It USED FOR ALL',
I *CONTAKINANTR £545 AS OR0 N tDEFAULT NJ '

RE9AD (0,45) ANS
45 FORMAT(A2

If (AN11.1O.'Y'.ORANSO.9011) THIN
DO 214 Jet, UNGMC
CfRAC(J~sCRAC(t)

214 CORTINUC
TESTI a FALSE.

END IF
ENDI?
JRITt(',46) CNAM(I)

44 !OMA C SPECIFY EASELIME CONCENTRATION oF ',A$,' IN
I 'MICAOLAvXR',/,' MEAN (UCIL) '

READ (',31) CMMICRO(I)

VRITT ('.47)
47 FORMAT (' KlNI?1UM (UCIL) '

3EAD (0,31 CLMtCRO(l)

4S FORMAT (' MAXIMUM (UCIL)

READ ('31t) CUMICROýI)

20 CONTINUE

C iAoDtJS OF DISPOSAL AREA

49 !ORMAT i- SPcCP:FTyHE RADIUS Of DISPOSAL AREA. POTENIkLIY
'EFFECTtl) 3Y JREOCING OR 3REDOED MATERIAL DISPOSAL (FtET)



READ ('S,1) RAO
RETURN
END

SUIROUTINE DATAREAD
C
C READS THE DATA nRom THE spEciF!En INPUT DATA FILE

S INCLUDE: 'COMNC a.DAT'
OPEN (7,FILS*FILEIN)
READ (7,10) TITLE
READ (7,11) BRASS, SPORAV, LAD
RIAD (7,12) NmCm
DO 460 4I. NINC
READ(7.13) CNAM(I), CMASS@(I), UNITC(I), CFRAC(I), CMNICRO(t)

I *CLMICRO(I), CUNICRO(I), CCA'T(I)
,410 CONTINUE

CLOSE (7)
RETURN

to fORNAT,(Alf)
It FORMAT(3(FY3))
12 FORMAT(12)
13 IORNAT(A3,F9 3,12,E9.3,3(ft 3),12)

IND

SUUROUTINt DATAILE

C WRITES SIMULATION DATA TO A FILE SPECIFIED BY THE USER
C
fINCLUDE' 'COMNONODAT'

CIIXRACTtR'20 FILEOUT
LOGICAL0: TESTS

* WRITS (21160)
60 fORMAT(' DO YOU VAN? TO STORE THE DATA IN A FILE SO THAT',

I 'IT NAY IE USED IN FUTURE SIMULATIONS? ANS T OR X
2I (OEFAULT: Yl')

READ ('.20) AN$
20 FORMATI(A2)

IF (ANS 10 'N ,OR.ANS EQ *'n) GOTO 3V0
210 WUITE(*161)*1 61 FORMAT(' TYPE IN THINA MAE Or THE FILE' FORMAT FILENAME EIT,'

I W1, FILENAME CAN It ONLY I CHARACTERS LONG AND SIT ONLY

2 .3 CHARACTER! LONG
READ (0,14) FILEOUT

14 FORMAT (AZO)
INOUTRE (rILtuFILEOYJT, E1IST*TEST3 )
If (TE5T3) THEN

62 fORMAT( ' FILE ALREADY EXISTS

DOYVYAFT OVERWRITE THE FILE' AN3 Y OR N

REA (AN! )AN

END IF

OPEN (6,riLEaFILEOVT,STA-USw'NEVJ)



WRTE? (6.10) TITLE
WRITE (6,11) OMASS, SPGRAYF RAO
WRITE (6,12) NUlIC
30 320 lIN'UIIC
WRITZ(6,13) CRNA(l), CRASSW(). UVIC(I), CIRAC(t),CNMICIO(t),

I CLIICRO(!), CUMICICIII, CCAT(I)
220 CONTINUE

CLOsE(6)
390 RETURN
ts fORHATCA80)

is FORMAT(3(FY 2)
it FORRAV 12)

I) ORMAT(AS,F9 .3, I2,t?.3,3CF9.3) .12)
"END

SUBROUTINE DATIARITI

C WRITE' SUMIMARY OF INPUT OAT& TO Till SCRIEN

S*INC LUDZ: 'COMMOND. OAT'
CHARACT1R'2 UNIT?
CHARACTERS CCATF
WRITt(*,71) TITLE

71 fORMAT(I, TITLE Of THlE SIMULATION I:,,ZAOI
WRITE ('.71) DMASSj 5PGRAV, RAD

71 faRMATI' VObVlIE Of DREDGED MATERIAL 1S
1 J9.3,' CUVIC YARDS'

2 W1, SPECIFIC. GRAVITY OF THE DREDGED MATERIAL IS ',F9.3,
3 GMIML *./,' RADIUS Of THE DISVOSAL AREA IS 'Jt.W VIE?',/)

WRITE (*,?2)
72 FORMAT (I!E,'CONTANIMANT INIORRATION',.1

I * AhE CATEGORY, CONCENTRATION FLOATAILE
2 1I,232,'IN MATERIAL FRACTION')

DO 74 1.1 ,NUMC
IF(UNITC(I).EO.I THEN
UNIT? a W'PM

ELSE
UNIT? a fU

ENDIF
If( CCATC I) 10.1) THEN

CCAfC?. FAM'
ELSEIFCCCATCI).EO.2). THIN
CCAT?. 'METAL'

ELSE

CCAT?.'

WRITE '*,73) CNAM(I), CCAT?, CHASSO(I), UNIT?, CFRAC(I)
73 FORMlAT( EAASu,.21,3E FE.)jI74 CONTINUE
75 -FORMAT (I/,' INITIAL MICROLAYER CONCENTRATIONS',Ii

1 NAME CONCENTRATION (UGIL)',/.
2' M1AN MINMIUM¶ MAXIMUM'

00 7? 1.1 ,mU1C
WRITE'*,76) CNAM(Pl, CMI¶ICROCI), CLMICRO(I). CUMICRO(I)
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76 FORMAT IZ,A$,4Z.F.3,6I,t9 3,71.fl.])
77 CONTINUE
0 WP.ITE TO PRINTER

IYCTEST4) THEN
C WIITi(5,10)
CIO FORMATI 'L'H')

liUITE(5,78) TITLE
WRITE (5,71) DMASS, SPGRAV, HAD
WRIT? (5,72)
DO t9 I.I,NUNC

IFtrAITC(1) 90-I) THEN
Ulk'IT? 'PPM'

PLSt
UNIT? * '?l?'

END IF

ICCCAT, t).O.t) THEN
,CCAT? 'PARH'

ELSEIF(:CAT(I).9O.Z) THEN
CCATP,'METAL'

CCATP-'
IND IFr
WRITE (;,73) CNAM(I), CCATP, CHASS5tO), UNITP, CFRAC(X)

79 CONTINUE
A~ WITE (5, 75)

DO 35 IaI,NUNC
WRITE(5,?6) CNAM(I), CMNICRO(I), CLMICRO('I), CUMICRO(t)

I5 CONTINUE

RETURN
END

SUIROLT,INE ;iODDATA

C THIS SUBROUTINE ALLOWS AN EXISTING DATA SET TO 1E MODIFIEO
C IFOR3 CONDUCTING THE SIMULATION
c
tINCLUDE.'CONMOND.DAT'

LOGICALtZ TESTZ
TESTZ a TRUE.

300 WRITE (',50)
SO FORMAT (' INDICATE WHICH SECTION OF DATA YOU WISH TO MODIFY

I 1,' 1) TITLE OF THE SIMULATION,I,' 1) VOLUME AND SPECIFIC',
2 ' GRAVITY Of DREDGED MATERIAL, RAOIUS OF DISPOSAL AREA',I,
3 , 3) CORCENTRATION, CATEGORY, FLOATABLE FRACTION OF CONTAMINANTS'
4 ,I,' IN DREDGED MATERIAL',/,' 4) CONCENTRATIONS IN MICROLAYER'

5 ,I,' 5) ADD NEW CONTAMINANTS'
6 ,l, 6) NO MORE CHANGE3',I,' GIVE NUMBER OF OPTION:')

READ($,*) OPT.ON
IF (OPTION Ll 1, OR.OPTION CT 6) THEN

WRITE(*,SI)

51 FORMAT (' RRROR IN OPTION SPECIFIED- TRY AGAIN')
GOO 300

C EXIT
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IF(OPTION.9E.A) GOTO 900
C
C :NANGz THE TITLE
C

IF OPTION.o.I) THEN
WRITE O',3f)

2i FORMAT(' GIVE TITLE OF THE SIMULATION')
READ(tol) TITLE

28 FORMAT (AiS)
GOTO 300
IMDIrI

C CHANGES IN VOLUME, SPECIFIC GRAVITY or DREDGED MATERIAL
C OR IN RADIUS Or DISPOSAL ARIEA
C.

IF (OPTION.EO.2) THEN
301 WRITE (*.$2)
52 FOCRAT(' INDICATE VWICH DATA YOU WISH TO MODIFY:',.,

1 ' 1) VOLUME Of DREDGED MATERIAL',/,' 2) SPECIFIC GRAVITY ',

I OF DREDGED lATERIAL'o,' 3) RADIUS OF DISPOSAL AREA'.,,
3 * 4) NO HORn CHANGES',I,' GIVE NmUmER Of OPTION: ')

READ (tal) OPT!0N2
IF (OPTION2.LT 1.OI.OTION2.GT.4) THEN
WRITE (',51)
GOTO 301
END IF

IF (OPTION2.SO.4) GOTO 3#1
IF(OPTION2.lO.1) THEN
WRITE (9,30)

30 FORMAT (' ENTER VOLUME OF DREDGED RATERIAL (CUIIC YARDS): ')
READ (',31) DMASS

32 FORMAT (7D**)

'OTO 301
END IF

IF (OPTION2.EO.2) THIN
VAITI(t,32)

32 FORMAT(' ENTER SPECIFIC GRAVITY OF THE DUEtGED MATERIAL',
I ' (GM!ML) : ')

READ (*,31) SPGRAV
GOTO 301
ENDIF
IF (OFTION.E2O.3) THEN
WRITE(,49)

49 FORMAT (' SPECIFY THE RADIUS OF DISPOSAL AREA POTENTIALLY ',

I 'EFFECTED IY DREDGING OR DREDGED MATERIAL DISPOSAL (FEET) :
READ (*,31) :7D
COTO 301
END IF
ENDIF

C

C CHANGES IN CONCENTRATION, CATEGORY AND FLOATAILE FRACTION OF CONTAMINANTS
C

IF (OPTION.EQ.3) THEN
303 WRITS (*,54)
54 FORMAT (' SPECIFY NUMBER OF THE CONTAMINANT:')
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DO 56 Iu1,NUMC
VRITZ(S,S5) I, CNAM(I)

55 FORMAT(12,31,A5)
56 CONTINUE

WRITE(*,5?)
57 FORMAT (' GIVE CONTAMINANT NUMBER:')

READ(*,*) ICONT

502 WRITE (0, 53)
53 FORMAT C( INDICATE WHICH DATA YOU WANT TO MODIFY:',I,

1 1) CONCENTRATION IN DREDGD MATERIAL',.,
2 2) UNITS OF CONCENTRATION',,' 3) FLOATABLE FRACTION',I,
3 ' 4) CONTAMINANT CATEGORY',J" 5) NEW CONTAMINANT NUMBER ',,
4 * 6) NO MORE CHANGES',,' GI E NUMBER Of OPTION:')

READ (9,) OPTION3

IF (OPTION3.LT.I.OR.OPTION .GT.6) THEN
VWIT! (*.51)
GOTO 302
IND IK
IF (OPTION3'.EO.+) GOTO 300
It iOFTION3.EQO.) COTO 303
IF (OPTION3.EO.1) THEN
VRITt (w,3) CIIAM(ICONT)

39 FORMAT (' ENTER CONCENTRATION OF ',AS,' IN DREDGED',
I MATERIAL: ')

READ(t,31) CMASS0(ICONT)
COTO 302
ENDIF
IF (OPTION3+EO.2) THEN

211 WRITE(',40) CNAM(ICONT)
40 FORMAT (' SPECIFY UNITS OF *,AS,' CONCENTRATION: '1,,

$ 5Z,1. PPH 2. PPI',I,' GIVE NMBERI Of UNITS 'I
READ (*,33) UNITC(ICONT)

33 FORMAT(I1)
If (UNITC(ICONT).GT.Z.OR.U ITC(ICONT).LT.0) THEN
WRITE(,41)

41 FORMAT(' ERROR IN UNITS PECIF!ED: TRY AGAIN')
GOTO 211,

GOTO 302
END IF
IF 'OPTION3.EO.3) THEN

WRITE(*,42) CNAM(ICONT)
42 FORMAT (' SPECIFY FLOATAiLE FRACTION OF ',AS,' :

REAO (t,43) CFRAClICONT)
43 FORMAT(t9.3)

WRITE(t,44)
44 FORMAT(' IS THIS FLCATAB E FRACTION TO HE USED !OR ALL',

I CONTAMINANTS' ANS, Y OR IN [DEFAULT N] ')
READ (2,45) ANS I

45 FORMAT(AZ)
IF (ANS.EO 'Y'.OR.ANS.EO.'y') THEM

DO 214 J-1, NUMC
CFRAC(J)tCFRAC(CCOHNT)

214 CONTINUE
a ~ENDI f
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ZOTO 30:
ENDi
If (OPT:ON3.EO.4) THEN

9 2 WRITtC',40) CNAMCICONT)
go FORMAT(' INDICATE CATEGORY 1*0 WHICH CONTAMINANT UfLONCS:',

I I. 1) A14',/,' 2) CU. F8, ZN, AG. Hg',I,' 3) OTHREI,i
2,' GIVE NUMSER Of THE CATEGORT:')

29ADCU,33) CCAT(ICONT)
IFCCCATCI) .LTI'.1.0.CCAT(I).GT.3, THEN
W I TIC' , 3)

st FORMATC' E1101 IN CkflCOIY SPtICIYID: TRY AGAIN').
COTO 62
END If
COTO 326
END!,
END!?

c
C CHANGE CONCENTRATIONS IN MICROLATER

IF COPTION.EO.4) THEN
305 WRITE (',54)

DO 66 1 al1,NUMC
WatTIC'.I5) is CNRANC)

60 CONTINUE
'JRITIC',$?)
READ','1t ICONT

306 WRIT! ('.56)
so FORMAT C' SPECIFY THE SASELINE RICROLAYER

I 'CONCENTRATION YOU WANT',
2 TO MODIFY: ' , , 1I) MEAN' ,I1 2) MINIMUM'I1' 3) MAZINMIN .

3 4) NEW CONTAMIKAXtV.I' 5) NO MORE CMANGES.I.
4 GIVE NURSER Of OPTION '

READ C',') OPTION4
If COPTIOI44.LT.0.OR.OPTION4.GT.S) THEN
WRITt(C ,S5 )
COTO 306
END!?
IF COPTION4.2O.5) COTO 260
If (OPTION4IEO.4) GOTO 305
If COPTIONI 10.1) THEN
WRITIC'.4t) CNAMCICONT)

46 FORMAT C' SPECIVY MEAN CONCENTRATION OF ',A$,' IN MICROLATER')
READ ('.31) CKMICROCICONT)

COTO 306
END! IF
If (OPT!0N4.9O.2) THEN

WRITE C',47)
47 FORMAT C' spECIFy MINIMUM COHC:NTRATION Of ',A5,' IN MICROLAYER')

READ C',31) CLMICRO(!CONT)
COTO 306
ENOIF
If (OPTTON4.10.3) THEN

WRITE ('.46)
48 FORMAT C' SPECIFY MAXIMUM CONCENTRATION Of ',AS,* IN MICROLAYIR')

READ ('.31) CUMICROCICONT)
COTO 3064 B.10



C ADD ADDITIONAL CONTAMINANTS

tf(OPTION.EO.3) THEN

VRITE (S,70)
70 fORMAT(' SPECIFY THE NUMBER Of ADDITIONAL CONTAMINANTS '

I 'TO It ENTERED:')
* IEADC'.36) NUMA

36 FORMAT(I2
DO 210 I.1,NIIN
N1JMCmNUMC.I
VRITE ('.37) NUNC

3? FORMAT (' ENTER TUE NAME Of CONTAMINANT *tt2,a [MAZIMUM'
I ' CHARACTERS LONGJ '

AZAD (V,31) CNAM(NUMC)
36 FORMAT (AS)

92 WUITS(',10)
RZAD(2,33) CCAT(NU"MC)
If(CCAT(NVNC).LT.1.OR.CCAT(NUNC).GT.3) THEN
VRITt(*, 66)

* 00Th 92
END IF
WRITE (1,39) CNAM(NUMC)
READ(9,31) CMASSO(KUMC)

* 93 WRITE(*,40) CNAM(NUMC)
* ~READ (*.33) UNITC(NIJNC)

IF (UNITC(I) .GT.2.OR.UNITC(I) .LT.0) THEN
VRITE(9, 41)
GOTO f3

If (TEST2) THEN
WRITZ(*,42) CNAM(NIJMC)
READ ('.43) CFRAC(NUMC)
WRITE C', 44)
READ (*,45) ANS

If (ANS.EO.Y' .OR.ANS.EO '7') THEN
NUMT=NUN.NUMA
00 94 Jul. NUNT
CFRAC(J)=CFRAC( I)

94 CONTINUE
TESTS. w FALSE.'

END IF
END IF

WRITEC',95; CHAM(NUMC)
95 FORMAT (' SPECIFY BASELINE CONCENTIATION OF ',AS,' IN

1 'HICROLAYER',/,' MEAN (UGIL)
READ ('.31) CMMICRO(UMUC)
WRITE ('.96)

t6 FORMAT (' MINIMUM (UG/L)
READ (*,31) CLMICRO(NUMC)
WRITE (*,07)

97 FOhMAT ('MAXIMUM (UG/L)
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READ '('.31) CUNICRO(NUMC)
210 CONTINUE

too CALL DATArzLE
CALL DATAWR ITE
RETURN
END

SIJDROUTINS SIMUL
C
C THIS SUBROUTINE CALCULATES THE INCREMENTAL INCREASES IN THE
C CONCENTRATION Of THE CHEMICALS IN THE MICROLATER AND, COMPUTES
C THE MORTALITY TO rISH LARVA

S INCLVDE: C0ONMOD.DAT'
DIMENSION CINC( 10). CNFINAL( 10) ,CLFINAL( 10) 6CUfINAL( 10)

C SPECIFY CONSTANTS FOR CALCULATIONS
CONI a 0.764t.6

CON3 s 3.14159
CON4 s 9.2f63-2
CONS a 1.6t+3
CON6 a 1.19+3

CLPAITuO.0

CNMETwI.0

C,
C CALCULATE THE !NCREASS IN THE MICROLAYIR CONCENTRATION
C FINAL CONCENTRATION IN UC/Lý
C

AREA a (RAO"2:)'CON3'CON4
VOL a CON2'ARtA'CON6
DO. 90 Is1,NUNC
IF(UNtTC(I).EO.1) THEN

CON~ml. 05.3
ELSE
CON58l .0

ENDI F
CINCtI)s CMASSO(I)'SPCRAV'CrRAC(I)'DMASS'CONI'CONS
CHFINAL'(I)*CMMICRO(I) * CINCCI)IVOL
CLF!NAL(I) a CLMICRO(I) + CINC(I)IVOL
CUFINALtI) a CUNICROtI) + CINCU()JVOL
IF(CCAT(I).Ea.1) THEN
CMPAHaCMPAJ4.CMFINAL (1 ) CON6
CLPAHi CLPAH + CLFINALCI)*CON6
CUPAH- CiJPAH.CIJFINAL(I )'CON6
ENDI F
IF(CCAT(!,. 10.2) THEN
CM1¶ET& CHMlE? + CMFINAL(I)
CLMET?*s CL14ET + CLFINAL(I)
CUNET a CUMET.CUFINAL(I)
..ND!F
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90 CONTINUE
AMLARVA a EZP( 4. 43-0. 000)7'CMPAH-0. 0@6*CMMtT)
ALLARVA aEZPf 4.43-0.000007'CLPAH-0.006'CLJET)
AULARVA a EZIP( 4. 43-0. 000007'CUPAI4-0. 0060CUME?)
IF(AMLARVA.L.T 0.0) AMLARVAaO.0
ir(AMLARVA.rGT.'00.G) AMLARVA m100.0
1FCALLARVA.LT.0.3) ALLARVAsG.0
IF(ALLARVA GT.:0G.0) ALLARVA s100.0
IF(AULARVA LT..0.) AULARVAad.0
tf(AULARVA.GT.100.0) AULARVA w1a0.0

.. DAMLARVA a ASI.3ALRA
* DALLARVA a ASS(83.93-ALLARVA)

DAULARVA a A3S(13.13-AULARVA)
WRITE(,*.$#) AREA

*is FORMAT( I I AREA Of WATER IMPACTED 8i THE DISPOSAL Of DREDGED'
I MATERIAL',I 1S'3 ,1., SQUARE NETERS.I)

WRITE (',91)
91 FORMAT I/, - FINAL CONTAMINANT CONCENTRATIONS IN THE *

I NHICROLAYER'
I 1I,101,'CONCENTRATION (UG/LP,/,' NAKE MEAN
3 .,MINIMUM MAZINUN')

DO 95 toI,NUMC
WRITE(*,76) CNAM(I), CMF&NAL(I), CLFINAL(I), CVFINAL(.I)

76 FORMAT (1I,A5,IP,3(ZZ.E9.3))
95 CONTINUE

WRITE (',93) OAMLARVA,OALLARVA.DAULARVA
93 FORMAT(/I.5I,' REDUCTION IN THE PERCENT OF LIVE SOLE LARVAE'

I ' FROM A BACXGROUND ',/,' PERCENT Of 83.V3% I1'.
2 F9.3,' WHEN CALCULATED FROM '9/,' MEAN MICROLAYIRR'
3 'CONCENTRATIONS;.'¾ff.3,' WHEN CALCULATED FROM MINIMUM',
4 W. MICROLAYER CONCENTRATIONS; AND '*19.3#s WHEN '

5 'CALCULATED FROM MAXIMUM',/.
4 *MICROLAYER CONCENTRATIONS OFPOLYAROMATIC
7 *HYDROCARBON AND METALS',Ifl

!F(TEST4) THEM
WRITE($.$$) AREA
WRITE (5,?1)
Do 96 I.I,NUNC
WRITE(3,76) CNAM(l), CMFINAL(I), CLrINALCI), CUFINALCI)

96 CONTINUE
WRITE (5,93) DAMLARVA,DALLARVA,OAULARVA
END IF
RETURN
END
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APPENDIX C

SAMPLE DREDGE DISPOSAL SCENARIOS



TITLE OF THE SIMULATION !So
TEST

VOLUME Of DREDGED MATERIAL IS 1500.000 CUBIC YARDS

SPECIFIC S2AVITY Of THE DREDGED MATERIAL IS 1.353 ,XIML
RADIUS OF THE D:SPOSAL AREA IS 901,000 FEET

CONTAMINANT INFORMATION
NAME CATEGORY CONCENTRATION FLOATABLE

IN MATERIAL FRACTION
Ps METAL 90.000 PPM 1.000K-I1
CU METAL, g0.000 PPM 1.000K-I:
PAN PAM 500.000 FpF 1.0009-Il
PCs 500 000 PFF 1.0001-11

INITIAL MICROLAYER CONCENTRATIONS
NAME CONCENTRATION (UG/L)

MEAN MINIMUM MAZIMUM

PI 30.000 .000 60.001
CU 21 000 .000 55.000
PAM 13.000 .000 166.006
PCs 100.000 .000 1500.000

AREA OF WATER IMPACTED BY THE DISPOSAL OF DREDGED MATERIAL
IS 2.364E+05 SQUARE METERS

FINAL CONTAMINANT CONCENTRATIONS IN THE MICROLAYER
CONCENTRAT!ON (UGIL)

NAME MEAN MINIMUM MAXIMUM
Pa 3.012E+01 1.1789-01 6.012E+01
CU 2.810E+01 1.047E-01 5.510E+01
PAH 1.300E101 6.544E-04 l.660E+02
PCB 1. 000E+02 6. 544E-04 1.S00E+03

REDUCTION IN THE PZR'.ENT OF LIVE SOLE LARVAE FROM A BACKGROUND
PERCE'*r OF 83.93% IS 29 893 WHEN CALCULATED FROI
MEAN MICROLAYER CONCE0TRATIONS; .111 WHEN CALCULATED FROM MINIMUM
MICROLAYER CONCENTRATIONS; AND 70 777 WHEN CALCULATED FROM MAXIMUM
MICROLAYER CONCENTRAT!ONS OF POLYAROMATIC HYDROCARBON AND. METALS

U..



TITLE OF THE SIMULATION 13:
TEST 2

VOLUME OF DREDGED MATZRIA. IS 1S0u.000 CUBIC YARDS
SPECIFIC GRAVITY OF "4E DREDGED MATERIAL 13 1.350 GM/ML
RADIUS OF THE DISPOSAL AREA IS 900.000 FEET

CONTAMINANT INFORMATION
NAME CATEGORY CONCENTRATICN FLOATAILE

!N MATERIAL FRACTION
?I METAL 90.000 PPM I.oQ0E-1o
CU METAL 80 000 PPM I'.OOC-I0

PAH PAM S00 000 PPs I.000E-1O
PCI 500-000 iPI 1.000E-10

!NITIAL MICROLAYER CONCENTRATIONS
NAME CONCENTRATION (UGIL)

MEAN MIMIMUM MAXIMUM
Ps 30 110 .000 60.G00
CU 26 0000000 S5..000
PAN 13.000 .000 166.000
PCs 100.000 .000 1500.000

AREA OF WATER IMPACTED BY THE DISPOSAL OF DREDGED MATERIAL
IS 2.364E+05 SOUARE METERS

FINAL CONTAMINANT CONCENTRATIONS IN THE MICROLAYER
CONCENTRATION (UG/L)

NAME 'EAN MINIMUM MAXIMUM
P9 3.118E+01 1.175E+00 6 I18E.01
CU 2.9O5E'01 1.047E+00 3.605E+01,
PAH I 301E,01 6 ,44E-03 1.660E,02
PCB I OOOE+02 6 544E-03 1.500E+03

REDUCTION :N THE PERCENT OF LIVE SOLE LARVAE FROM A BACKGROUND
PEPCENT, OF 83 93% IS 30.541 W•IEN CALCULATED FROM
MEAN MICROLAYER CONCENTRATIONS; 1.115 WHEN CALCULATED FROM MINIMUM
MICROLAYER CONCENTRATIONS, AND 70.934 WHEN CALCULATED FROM MAXIMUM
NMI1ROLAYER CONCENTRAT!ONS OF POLYAROMATIC HYDROCARBON AND METALS
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TITLE OF THE SIMULATION IS
TEST I

VOLUME OF DREDGED MATERIAL !S 1500.008 CUBIC YARDS
SPECIFIC GRAVITY OF THE DREDGED MATERIAL 1S i.350 IM/ML
RADIUS OF THE DISPOSAL AREA IS 900 0oo FEET

CONTAMINANT INFORM1ATION
NAME CATEGORY C0ONCENTRATION FLOATABLE

IN MATERIAL FRACTION1.PU METAL 90 000 PPM 1.0OOE-0s
CU METAL SO 000 PPM I o00C-OS,
PAN PAN .500 030 PPa I GOGE-OS
PCs 500 000 FF1 1 0001-01

INITIAL MICROLAYER CONCENTRATIONS
NAME CONCENTRATION (VG/L)

MEAN .' MINIMUM MAXIMUM
PU 30 000 .000 60 000
CU 26 000 000 51 God
PAN 13 000 000 166 000
PCI 10'0 000 '000 1500 000

AREA OF WATER IMPACTED BY THE DISPOSAL Of DREDGED MATERIAL
A IS 2 36'4E+05 SQUARE METERS

7INAL CONTAMINANT CONCENTRATIONS IN THE MICROLAYER
CONCENTRATION (UG/L)

NAME MEAN MINIMUM MAJIMUM
pe 1 47SE.,02 1I 1751.02 I 778C*02

CU I 3271.02 1.047C#02 1 59?E*02

PARt I 365E+01 6 544E-01 I 6671.02

IIs 1 007.02- 6 544E-01 I 501E#03 LRA Rf A~CN

PERCENT OF 33 93% 19 69 757 WHEN CALCULATED rriom

MEA I1CROLAYER ýONCENTRATTONS 61 945 'JA4N CALCU.ATtD r;'O1 M!N*M"
MICROLAYeR CONCEN-qATIONS, AND 10 480 WHEN CALCULATEC FROM ?IAXIM'JM
!1!CROLAYER CONCEN-RATIO'NS OF POLYAAOMATIC 4YDROCARUON AND METAL's



TITLE Of THt SIMULJ~ATION :9
tEST 4

VOLUIV OF DRED:ED MATER9A. IS 1500.000 CUBIC YARDS
SPEC.;.C CRAV!TY Or THE DR:DGCD MATERIAL 13 1 350 GM$ML
RADIUS OF 74HE DISPOSAL ARlA IS ?00 000 !EET

CONTAMINANT INFORMATION
NAME CATEGORY CONCENTRATION ?LOATAULE

IN MATERIAL 7RACTION
P? METAL 90 6O0 PPM 1.6Odo-06
CU METAL 30 a00 PPm 1.0009-06
PAM ?Ali 500.000 ?P? 1.0001-46

PCI 500.00, Ps1 L1001-16

INITIAL MICROLAYER CONCENT2ATIONS
NAME CONCENTRATION (UGJLi

MEAN MINIMUM MAXIMUM
PI 30 000 .011 61.100
CI 23.000 .000 55.000
PAM 13 000 .000 166.000
P2s 100.000 000 15006,000

AREA Of WATER IMPACTED BY THE DISPOSAL OF DRIDGED MATERIAL
IS 1 364E605 S3UARE METERS

FINAL CO4TRtMINANT CONCENTRATIONS IN THE NICROLAYER
CONCENTRATION (UGIL)

NAME MEAN MINIMUM MAXIMUM

?1 1 13.11*04 1 I1I1,04 1,1947.04

CU I 030t#04 I 0471.04 11.053304
PAN 7 8441.01 6 5441#01 2,3141.02

PCs I 654E#02 6 5441.01 1 $65i.03

REDUCTION IN THE PERCENT Of LIVE SOLE.LARVAE FROM A UACKGROUND
PERCENT OF 53 93% 15, 63 930 WHEN CALCULATED FROM

MEAN MICROLAYEN CONCENTRATIONS, 63 930 WHEN CALCULATED FROM MINIMUM
,MICROL',YER CONCVITRATIONS, AND 13 930 WHEN CALCULAT|1) rROE MRtIMUM"NMI'ROtAYER CONCENTRATIONS OF POLfAROMATIC HYDROCARION AND METALS

q
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